
G Model 
ffl0;iSp4; Ho.;af Pages T 

International Journal of Infectious Diseases xxx (2012) xxx.el -xxx.7 

Contents lists available at SciVerse ScienceDirect 

International Journal of Infectious Diseases 

j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / i j i d 

Is primary prevention of Clostridium difficile infection possible w i t h specific 
probiotics? 

Stuart Johnson^'*, Pierre-Jean M a z i a d e L y n n e V. McFarland ^ Wi l l i am T r i c k C u r t i s Donskey'', 
Brian Currie^, Donald E. L o w ^ Ellie J.C. Goldstein'' 

"Hines VA Hospital and Loyola University IVledical Center, 5000 S. St, Hines, Cliicago, iL 60141, USA 
'^Centre Hospitalier !^ierre-Le Gardeur Terrebonne, Qiiebec, Canada 

'^Veterans Admimstration Puget Sound Health Care System. Seattle, Washington, USA 

'^Collaborative Research Unit. Chicago, Illinois, USA 
' Cleveland VA Medical Center, Cleveland. Ohio. USA 

^Albert Einstein College of Medicine and Montefiore Medical Center, Bronx, New York, USA 
^ Mount Sinai Hospital, University of Toronto, Ontario, Canada 

RM Alden Research Laboratory and the David Geffen School of Medicine at UCLA. Los Angeles. California, USA 

S U M M A R Y 

Btickgrounti: The efficacy of probiotics for the prevention of Clostridium difficile infection (CDI) is highly 
controversial, particularly with regard to the prevention of recurrent CDI, We hypothesize that primary 
prevention of CDI among patients receiving antibiotics might be a more achievable goal for probiotics 
than prevention in patients wi th previous CDI where the host flora is markedly altered. 
Methods: We conducted a literature search for randomized, placebo-controlled efficacy studies of 
probiotic use among adults receivmg antibiotics, in which CDI was one of the outcomes measured. In 
addition, we conducted meta-analyses of probiotics that were included in more than one randomized 
trial. 

Results: Eleven studies were identified; most were seriously underpowered to determine the efficacy of 
probiotics in the prevention of CDI, Two showed significantly lower rates of CDI among the probiotic 
recipients, A meta-analysis of three studies that used the probiotic combination lactobaciKus acidophilus 
CLI 285 and Lactobacillus casei LBC80R and a combined analysis of those studies with four studies that 
used Saccharomyces boulardii, showed lower CDI rates in recipients of probiotics compared with 
recipients of placebo (risk ratio = 0.39; 95% confidence interval 0.19-0.79). 
Condusions: While potential flaws in study design were identified, a review of the available literature 
suggests that the primary prevention of CDI wi th specific probiotic agents may be achievable. Additional 
studies of sufficient size and wi th rigorous design are needed to confirm these findings. 
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1. Introduction 

Antibiotics are the major risk factor for a p r imary episode of 

Clostridium difficile infect ion (CDI), as w e l l as an impor tan t factor 

for recurrent CDI, The risk associated w i t h antibiotics p r imar i ly 

relates to disrupt ion of the protective host colonic microbiota, bu t 

may also involve selection for C, difficile strains resistant to the 

inc i t ing agent.' Adjunct ive therapy w i t h probiotics has been used 

wide ly for patients w i t h CDI, w i t h and w i t h o u t the guidance of 

physicians. The goal of probiot ic therapy is t o mi t igate the effects of 

microbiota disruption, and d i f ferent mechanisms have been 
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proposed whereby specific probiotics affect the microbiota and 

interfere w i t h C. difficile.^ 

Most studies of CDI prevent ion have focused on secondary 

prevention (i.e.. prevent ion of CDI recurrence), main ly because the 

risk for CDI is suff ic ient ly high in patients w i t h a recent CDI episode 

that the effect of in te rvent ion is easier to demonstrate; 20-30% 

after the f i rs t episode and - 5 0 % after the second episode.^ The rate 

of p r imary episode CDI among antibiot ic recipients varies w i t h 

d i f ferent antibiotics and populat ions studied, but is much lower 

than the rate o f recurrent CDI and usually is much less than 10%."* 

Therefore, a larger s tudy popula t ion is needed to demonstrate 

efficacy i n p r imary CDI prevention. 

The efficacy of probiotics in the prevention of CDI has been 

hot ly d e b a t e d , b u t many studies and meta-analyses have 

combined pr imary and secondary CDI prevention data, w h i c h 
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among hospitalized patients tai t ing ant ib io t ics . ' " This study was 

w ide ly cr i t icized for questionable choice and b l i nd ing of the 

placebo d r ink and the numerous exclusions i n the protocol , 

inc lud ing high risk antibiotics, mak ing i t d i f f i c u l t to understand 

how these results, i f repeatable, w o u l d be generalizable.''^''"^ The 

results, however, were subsequently repeated i n a randomized 

study using another Lactobacillus preparat ion, L casei and L. 

acidopltilus (Bio-i<+ CLI285) , tha t d i d no t exclude h igh r isk 

ant ib io t ics . ' " W h i l e there are questions about the design and 

execution of this study as w e l l , there are reasons to hypothesize 

that probiotics m igh t be more efficacious in p r imary CDI 

prevent ion than in secondary prevent ion . W e hypothesize 

tha t the efficacy of probiotics fo r the p reven t ion of CDI relates 

to the extent o f d i s rup t ion of the protect ive host colonic 

microbiota . 

Appreciat ion of the extent and d ivers i ty of the human colonic 

microbiota has been enhanced w i t h the deve lopment of cul ture-

independent techniques based on a m p l i f i c a t i o n of 16s rRNA.''^ 

Ant ibiot ics have a p ro found effect on the richness, evenness, and 

diversi ty of the microbiota , even in the absence of overt 

gastrointestinal s y m p t o m s , ^ ° Chang et al. used s imi lar t echni 

ques to study the microbio ta of patients w i t h i n i t i a l CDI 

episodes and recurrent CDI episodes compared to controls 

w i t h o u t CDI infec t ion .^ ' The s t r ik ing finding i n tha t study was 

the marked red is t r ibu t ion of ma jo r bacter ial phyla and m u c h 

lower diversi ty of the biota among the patients w i t h recurrent 

CDI. In contrast, the microb io ta i n pat ients w i t h an in i t i a l CDI 

episode was more s imilar to tha t o f the controls than that of the 

recurrent CDI patients. I t is possible tha t the oppo r tun i ty for a 

probiot ic effect is greatest at the t i m e of i n i t i a l exposure to C. 

difficile f o l l o w i n g ant ib iot ic d i s rup t ion of the flora bu t before the 

more pervasive d i s rup t ion f o l l o w i n g established in fec t ion w i t h 

C difficile. 

Even though the ma jo r i t y of the randomized probiotic studies 

of pr imary prevention for CDI d id not show statistically significant 

differences and were seriously underpowered for this outcome 

evaluation, the t rend was towards protec t ion in nine of the 11 

studies. Our meta-analysis provided the oppor tun i ty to better 

understand these trends for the t w o best-studied probiotic 

formulat ions (L acidophilus + L. casei and S. boulardii). Our findings 

indicate a consistent and significant effect for the L. acidophilus + L. 

casei fo rmula t ion and a trend towards a beneficial effect for S. 

boulardii preparations; the combined overall effect showed 

significant protection f r o m CDI (Figure 1). 

The recent reports of p r imary prophylaxis a t tempts us ing the 

Lactobacillus preparat ion Bio-I<+ CLI 285'*""' are par t icular ly 

encouraging. The 9 -mon th study conducted i n one Mont rea l 

area hospital du r ing the 2003-2004 BI /NAPl /027 CDI epidemic 

came close to showing effectiveness of th is product for CDI 

prevention.^ Furthermore, the analysis of the three L acidophilus 

+ I. casei studies and the overal l combined meta-analysis of the 

L acidophilus + L. casei and S. boulardii studies showed s ignif icant 

protect ion against CDI among ant ib io t ic recipients w h o took 

probiotics dur ing their t ime at risk. W h i l e the ext raordinary rate 

o f CDI among the placebo recipients i n the t w o studies showing 

efficacy'" '"" is st i l l incomple te ly explained, the possibi l i ty of 

p r imary CDI prevent ion using specific probiot ics is i n t r i gu ing 

and w o r t h y of fu r the r study., 
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